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$EVWUDN—7KH LQGXVWULDO UHYROXWLRQKDVGUDPDWLFDOO\
FKDQJHGWKHOLYHVRISHRSOHDQGWHFKQRORJ\WRXFKHVDOOWKH
HIIHFWVRIKXPDQOLIH$XWRPDWLRQWHFKQRORJ\ZKLFKDWWKH
EHJLQQLQJRI LWVDSSHDUDQFHRQO\ LQ WKH LQGXVWU\KDVQRZ
SHQHWUDWHG DOO OLQHV RI OLIH 5RERWLFV LV D IRUP RI
DXWRPDWLRQ WHFKQRORJ\ DQG ZLWK WKH GHFUHDVH LQ
FRPSRQHQW SULFHV HYHU\RQH FDQ EXLOG URERWV IRU WKHLU
LQGLYLGXDOQHHGV2QHDSSOLFDWLRQRIURERWWHFKQRORJ\LVD
KXPDQ IROORZHU URERW WKDW FDQ IXQFWLRQ DV D FDUULHU RI
JRRGV VR KXPDQVGRQRW QHHG WR FDUU\ WKH LWHPVQHHGHG
VLPSO\ E\ OHWWLQJ WKH URERW IROORZ WKHP DV QHHGHG 7KH
KXPDQ IROORZHU URERW LQ WKLV SDSHU LV D SURWRW\SH URERW
PDGH IURP D VLPSOH PRELOH URERW HTXLSSHG ZLWK 
SUR[LPLW\VHQVRUVWRGHWHFWKXPDQSUHVHQFHDQGWKHURERW
PRYHV DFFRUGLQJ WR WKH GLVWDQFH ZLWK WKDW KXPDQ 7KH
URERWZLOOIROORZKXPDQVDWDIL[HGVSHHGZKHQGLVWDQFHV!
FPDQGFP,I WKHGLVWDQFHFP WKHURERWZLOO
VWRS DQG LI WKH GLVWDQFH !  URERWV ZLOO JR FKDVLQJ
KXPDQV

$EVWUDN—5HYROXVLLQGXVWULWHODKPHQJXEDKNHKLGXSDQ
PDQXVLDGHQJDQGUDPDWLVGDQWHNQRORJLPHQ\HQWXKVHPXD
DVIHN NHKLGXSDQ PDQXVLD 7HNQRORJL RWRPDVL \DQJ SDGD
DZDO NHPXQFXODQQ\D KDQ\D GL LQGXVWUL NLQL  WHODK
PHUDPEDK  VHPXD  OLQL  NHKLGXSDQ  5RERWLND DGDODK
EHQWXN GDUL WHNQRORJL RWRPDVL WHUVHEXW GDQ GHQJDQ
SHQXUXQDQ  KDUJD  NRPSRQHQ  VHPXD  RUDQJ  ELVD
PHPEDQJXQURERWXQWXNNHEXWXKDQPDVLQJPDVLQJ6DODK
VDWXDSOLNDVLWHNQRORJLURERWDGDODKURERWSHQJLNXW
PDQXVLD\DQJGDSDWEHUIXQJVLVHEDJDLSHQJDQJNXWEDUDQJ
VHKLQJJD  PDQXVLD  WLGDN  SHUOX  PHPEDZDEDZD
EDUDQJ\DQJGLSHUOXNDQFXNXSGHQJDQPHPELDUNDQURERW
PHQJLNXWLQ\D VHVXDL GHQJDQ NHEXWXKDQ 5RERW SHQJLNXW
PDQXVLD SDGD SDSHU LQL DGDODK SURWRW\SH URERW \DQJ
WHUEXDW  GDUL  PRELOH  URERW  VHGHUKDQD  \DQJ
GLOHQJNDSL GHQJDQ  VHQVRU MDUDN XQWXN PHQGHWHNVL
NHEHUDGDDQ PDQXVLD GDQ URERW EHUJHUDN VHVXDL MDUDN
GHQJDQ PDQXVLD WHUVHEXW  5RERW  DNDQ  PHQJLNXWL
PDQXVLD GHQJDQNHFHSDWDQ\DQJ WHWDSSDGDVDDWMDUDN!
 FP GDQ   FP -LND MDUDN   FP URERW DNDQ
EHUKHQWL GDQ MLND MDUDN!URERWDNDQPHODMXPHQJHMDU
PDQXVLD
,,1752'8&7,21
5HYROXVL LQGXVWUL WHODK PHQJXEDK NHKLGXSDQ PDQXVLD
VHFDUD GUDVWLV PXODL GDUL WHNQRORJL LQGXVWUL KLQJJD
WHNQRORJL \DQJ PHQ\HQWXK VHPXD DVIHN NHKLGXSDQ
PDQXVLD7HNQRORJLURERWLNDDGDODKVDODKVDWXWHNQRORJL
\DQJ  PXQFXO  GDUL  UHYROXVL  LQGXVWUL  GDQ  VHMDN
NHPXQFXODQ UHYROXVL LQGXVWUL NH  PDQXVLD WHODK
PHPDQIDDWNDQ  PHVLQPHVLQ  XQWXN  PHQJJDQWLNDQ
PDQXVLD GDODP SHNHUMDDQ \DQJ EHUEDKD\D GDQ
PHPERVDQNDQ >@ 6HLULQJ GHQJDQ SHUNHPEDQJDQ
WHNQRORJL WHUVHEXW SHNHPEDQJDQ WHNQRORJL ELGDQJ
HOHNWURQLND GDQ VLVWHP NHQGDOL SXQ EHUNHPEDQJ SHVDW
KLQJJD PHQMDGL WUHQG RWRPDWLVDVL GL VHPXD OLQL
NHKLGXSDQ 7HNQRORJL URERWLND SXQ WHODK PHPDVXNL
VHPXD DVSHN NHKLGXSDQ WLGDN KDQ\D GL LQGXVWUL WDSL
VXGDK  NH  ELGDQJ  VRVLDO  PDXSXQ  SHUXPDKDQ
GDODP EHQWXN DODW EDQWX NHKLGXSDQ VHSHUWL YDFXXP
FOHDQHUURERWJXLGHGLPXVHXPPDXSXQURERWSHQJDZDV
GLUXPDKMRPSR>@>@

3HUNHPEDQJDQWHNQRORJLEDKNDQWHODKPHQXUXQNDQ
KDUJD NRPSRQHQNRPSRQHQ HOHNWURQLN \DQJ
GLSHUOXNDQ XQWXN PHPEDQJXQ VHEXDK URERW VHKLQJJD
VDDW LQL VHPXD RUDQJ GDSDW PHUDQFDQJ GDQ PHPEXDW
URERWGDQPHPEDQWXNHVHKDULDQPHUHND
6DODKVDWXURERW\DQJDNDQVDQJDWEHUJXQDEDJL
PDQXVLD DGDODK URERW SHQJLNXWPDQXVLD 7LSH URERW LQL
GDSDW GLPDQIDDWNDQ GDODP NHKLGXSDQ VHKDULKDUL VDODK
VDWXQ\DDGDODK VHEDJDL DODW SHQJDQJNXW EDUDQJ GLPDQD
PDQXVD WLGDN SHUOX PHPEDZD EDUDQJ EHUDW DWDX
PHQGRURQJ NDUW NDUHQD URERW NDUW GDSDW GHQJDQ
VHQGLULQ\DPHQJLNXWLPDQXVLD
0HQJLQJDW URERW SHQJLNXW PDQXVLD GDSDW
VDQJDWEHUJXQDPDNDSDSHULQLPHQ\DMLNDQSHUDQFDQJDQ
VHGHUKDQD URERW SHQJLNXW PDQXVLD VHKLQJJD VHPXD
RUDQJ GDSDW PHPEDQJXQ URERW PHUHND VHQGLUL
3HUDQFDQJDQ URERW SHQJLNXW PDQXVLD LQL PHQJJXQDNDQ
PLFURFRQWUROOHU  VHEDJDL RWDN \DQJ GLWDQDPNDQ
NHFHUGDVDQ$,XQWXNSURVHVNHQGDOLURERW
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3HQJJHUDN \DQJ GLJXQDNDQ DGDODK 0RWRU '& NDUHQD
SDGD GULYHU 0RWRU '& GDSDW GLVHVXDLNDQ PHQHULPD
SXOVD GLJLWDO GDQ NHFHSDWDQQ\D GDSDW GLVHVXDLNDQ
3HQDPEDKDQ Fuzzy Logic Controller )/& SXQ
GLODNXNDQ XQWXN PHPEXDW URERW FHUGDV 6LPXODVL
PHQJJXQDNDQ 0RERW6LP GLODNXNDQ XQWXN
PHPSHUOLKDWNDQ HIHNWLYLWDV GHVDLQ URERW SHQJLNXW
PDQXVLD SDGD SUR\HN LQL 5RERW SHQJLNXW PDQXVLD LQL
PHQJDPELO LGHGDUL OHDGHUIROORZHU URERW>@>@

,,5$1&$1*%$1*8152%273(1*,.870$186,$
3HQHOLWLDQ LQL PHQLQMDX URERW PRELOH URGD GXD \DLWX
URERWSHQJLNXWPDQXVLDhuman following robot5RERW
SHQJLNXW PDQXVLD LQL GLOHQJNDSL VHQVRU MDUDN WLSH
XOWUDVRQLN VHEDJDL SHQGHWHNVL MDUDN GDQ NHEHUDGDDQ
PDQXVLD3DGDVDDWVHQVRUMDUDNPHQGHWHNVLNHEHUDGDDQ
PDQXVLD SDGD MDUDN DPDQ  FP  -DUDN 5RERW 
FP PDND URERW PHQJLNXWL PDQXVLD GDQ NHWLND MDUDN
DQWDUD PDQXVLD GDQ URERW NXUDQJ GDUL  FP PDND
URERW DNDQ EHUKHQWL XQWXN PHQMDJD WLGDN WHUMDGL
WDEUDNDQ DQWDUD PDQXVLD  GDQ  URERW  6HQVRU  MDUDN
XOWUDVRQLN  PDPSX PHQGHWHNVL  MDUDN  GHQJDQ
PHQJLULPNDQ  JHORPEDQJ EHUXSD  acoustical  \DLWX
YLEUDVL  PHNDQLN  \DQJ  WHUMDGL SDGD JDV FDLUDQ GDQ
PHGLXP SDGDW GDQ MLND SDQWXODQ VLQ\DO VHPDNLQ NXDW
PDNDMDUDNDQWDUDURERWGHQJDQPDQXVLDVHPDNLQGHNDW
KLQJJD SDGD MDUDN \DQJ WHODK GLWHQWXNDQ VHQVRU MDUDN
PHQJLULPNDQ VLQ\DO ³´ VHEDJDL LQSXW NHSDGD
PLNURNRQWUROOHU

0LNURNRQWUROOHU \DQJ GLJXQDNDQ SDGD ULVHW LQL DGDODK
0LNURNRQWUROOHU$70HJD\DQJWHUJDEXQJGDODPVDWX
VLVWHPPLQLPXP$UGXLQR1DQR)/&GLWDQDPNDQSDGD
SHPRJUDPDQ SDGD 0LNURNRQWUROOHU $70HJD \DQJ
DNDQ  PHPEHUL  LQSXW  NHSDGD  GULYHU  0RWRU  '&
EHUGDVDUNDQ 5XOHV %DVHG SDGD )/& WHUVHEXW 'HVDLQ
PHNDQLN URERW SHQJLNXW PDQXVLD LQL GLSHUOLKDWNDQ
SDGDGLDJUDPEORNSHUDQFDQJDQURERW GL*DPEDU


*DPEDU'LDJUDPEORNURERWSHQJLNXWPDQXVLD

$OJRULWPD SHUJHUDNDQ URERW SHQJLNXWPDQXVLD SDGD
ULVHW LQL GLSHUOLKDWNDQ SDGD *DPEDU  GLPDQD URERW
DNDQ PHQGHWHNVL MDUDN VHFDUD WHUXVPHQHUXV GDQ KDVLO
GHWHNVL MDUDN LQL DNDQ PHQHQWXNDQ DSDNDK URERW PDMX
DWDXURERWEHUKHQWL


*DPEDU'LDJUDPDOLUURERWSHQJLNXWPDQXVLD


,,, 3(5$1&$1*$1)8==</2*,&&21752//(5
3HQDPEDKDQ  )/&  XQWXN  PHPEHULNDQ
NHFHUGDVDQSDGDURERWSHQJLNXWPDQXVLD3HUDQFDQJDQ
)/& PHOLSXWL SHPEXDWDQ 5XOHV %DVHG \DQJ DNDQ
PHQMDGL DFXDQ0LNURNRQWUROOHU $70HJD    XQWXN
PHQJJHUDNDQ 0RWRU '& .LUL URGD NLUL URERW GDQ
0RWRU'&.DQDQURGDNDQDQURERW

3HUDQFDQJDQ )/& MXJD PHOLSXWL Membership 
Function Input *DPEDUGDQMembership Function
Output *DPEDU  XQWXN PHPSHUOLKDWNDQ KXEXQJDQ
DQWDUD LQSXW GDQ RXWSXW VHVXDL GHQJDQ Rules Based
URERWSHQJLNXWPDQXVLD\DQJGLSHUOLKDWNDQSDGD7DEHO

7DEHORules Based 5RERW3HQJLNXW
0DQXVLD

,1387 287387

6HQVRU-DUDN

0RWRU'&
.DQDQ

0RWRU'&
.LUL
'HNDW %HUKHQWL %HUKHQWL
6HGDQJ /DPEDW /DPEDW
-DXK &HSDW &HSDW


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7DEHO    PHPSHUOLKDWNDQ  DWXUDQ  \DQJ
GLWHWDSNDQ XQWXN  PHQJDWXU DUDK  MDODQ  URERW  VHVXDL
GHQJDQ  LQSXW MDUDN GDUL VHQVRU MDUDN 6HSHUWL \DQJ
GLJDPEDUNDQ SDGD *DPEDU  VDDW MDUDN DQWDUD URERW
GDQ PDQXVLD DGDODK DQWDUD  FP GDQ  FP PDND
MDUDN WHUVHEXW GLNDWHJRULNDQ MDUDN DPDQ URERW
PHQJLNXWL PDQXVLD GHQJDQ NHFHSDWDQ ODPEDW -LND
VHQVRU MDUDNPHQGHWHNVLMDUDNDQWDUDURERWGDQPDQXVLD
DGDODK ! FP PDND URERW DNDQ PHPSHUFHSDW
JHUDNDQQ\D XQWXN PHQJHMDU PDQXVLD 6HGDQJNDQ MLND
MDUDNDQWDUDURERWGDQPDQXVLDNXUDQJGDULFPPDND
URERWDNDQEHUKHQWL


*DPEDUMembership function VHQVRUMDUDNLQSXW

Membership function LQSXW SDGD *DPEDU 
PHPSHUOLKDWNDQ MDUDN PDNVLPXP URERW PDVLK ELVD
PHQGHWHNVL NHEHUDGDDQ PDQXVLD DGDODK  FP OHELK
GDUL LWX PDND GLDQJJDS WLGDN DGD PDQXVLD GDQ URERW
WLGDN EHUHDNVL DWDX GLDP -DUDN PLQLPXP DQWDUD URERW
GDQPDQXVLD DGDODK  FP GDQ GLEDZDK LWX GLDQJJDS
MDUDN WLGDN DPDQGDQ URERWDNDQEHUKHQWL.HWLND MDUDN
DQWDUD URERW GDQ PDQXVLD EHUWDPEDK !  FP PDND
VHFDUDRWRPDWLVURERWDNDQEHUMDODQNHPEDOL



DMembership function PRWRUNLUL


EMembership function PRWRU.DQDQ

*DPEDU  Membership function PRWRU '& NLUL GDQ
NDQDQRXWSXW

*DPEDUPHPSHUOLKDWNDQmembership function
PRWRU '& NLUL GDQ NDQDQ GLPDQD QLODL 530
PHUHSUHVHQWDVLNDQ SXWDUDQ PRWRU '& GDQ PHQHQWXNDQ
NHFHSDWDQURERW3DGDSHQHOLWLDQLQLURERWKDQ\D
EHUJHUDNPDMXVHKLQJJDWLGDNDGDSURVHVURERWEHUEHORN
VHFDUD WLEDWLED -LND PDQXVLD EHUEHORN VHFDUD SHODQ
SHODQ PDND URERW PDVLK ELVD PHQJLNXWL DUDK EHORN
PDQXVLD 3HUDQFDQJDQ PHPEHUVKLS IXQFWLRQ
PHQJJXQDNDQSURJUDPVLPXODVL6FLODE>@


,9+$6,/'$13(0%$+$6$1
3DSHULQLPHQ\DMLNDQVLPXODVLXQWXNPHPEXNWLNDQ
HIHNWLILWDV PHWRGH \DQJ GLDMXNDQ 6LPXODVL
SHUDQFDQJDQ GLODNXNDQ GHQJDQ PHQGHVDLQ UDQJNDLDQ
HOHNWURQLND URERW SDGD SURJUDP WLQFNHUFDG $UGXLQR
\DQJGLSHUOLKDWNDQSDGD*DPEDU



A. Simulasi dengan Tinkercad Arduino
6LPXODVL PHQJJXQDNDQ SURJUDP 7LQNHUFDG
$UGXLQRSDGDJDPEDUGLODNXNDQXQWXNPHOLKDWHIHN
GDUL LQSXW VHQVRU MDUDN WHUKDGDS VLVWHP VHFDUD
NHVHOXUXKDQ6HQVRUMDUDN \DQJ GLJXQDNDQ SDGD URERW
SHQJLNXW PDQXVLD LQL DGD  VDWX GL SDVDQJ SDGD
EDJLDQEHODNDQJURERW\DQJEHUIXQJVLXQWXNPHPEXDW
URERW PHQJHWDKXL ULQWDQJDQ GLEHODNDQJ VDDW PDQXVLD
WLEDWLEDPXQGXU



*DPEDU6LPXODVLGL7LQNHUFDG$UGXLQR


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
B. Simulasi dengan MobotSim


8QWXN PHQXQMXNNDQ HIHNWLYLWDV GDUL PHWRGH \DQJ
GLDMXNDQ PDND GLODNXNDQ VLPXODVL GL 0RERW6LP $NDQ
WHWDSL GL 0RERW6LP WLGDN DGD VLPXODVL XQWXN PDQXVLD
ROHKNDUHQDLWXILWXUPDQXVLDGLJDQWLGHQJDQmobile
robot juga.

*DPEDU  PHPSHUOLKDWNDQ VFUHHQVKRW GDUL VLPXODVL
PHQJJXQDNDQ0RERW6LPGLPDQD URERWPHQJLNXWL URERW
EHULNXWQ\D GDUL WLWLN 67$57 KLQJJD NH WLWLN 6723
3HPEDKDVDQ SDGD SDSHU LQL KDQ\D SDGD URERW SHQJLNXW
URERWSHQJJDQWLPDQXVLD


D5RERWSDGDWLWLN67$57


E5RERWPHQJLNXWLURERW



F5RERWPHQJLNXWLURERWPHQXMXWLWLN6723










G5RERWWLEDGLWLWLN6723

*DPEDU6LPXODVLURERWSHQJLNXWPDQXVLDGHQJDQ
0RERW6LP

'DUL  VLPXODVL  PHQJJXQDNDQ  7LQNHUFDG  GDQ
0RERW6LP PHPSHUOLKDWNDQ HIHNWLYLWDV URERW SHQJLNXW
PDQXVLD +DVLO HNSHULPHQ PHPSHUOLKDWNDQ URERW
EHUKDVLOPHQGHWHNVLGDQPHQJLNXWLERODPHUDKGHQJDQ
EDLN

C. Aplikasi Robot Pengikut Manusia

5RERW SHQJLNXW PDQXVLD VHGHUKDQD \DQJ
GLOHQJNDSL GHQJDQ VHQVRU MDUDN XQWXN PHQGHWHNVL
NHEHUDGDDQ GDQ MDUDN GHQJDQ PDQXVLD GLSHUOLKDWNDQ
SDGDJDPEDU$SOLNDVLVHGHUKDQDURERWSHQJLNXW
PDQXVLD   GDSDW GHQJDQ PXGDK WHUDSNDQ PHQJLQJDW
KDUJD NRPSRQHQ \DQJ VHPDNLQ PXUDK VHKLQJJD
PHPXQJNLQDQ XQWXN VHWLDS RUDQJ PDPSX PHPEXDW
URERWVHQGLUL
5RERW \DQJ GLEXDW SDGD SDSHU LQL KDQ\D
PHUXSDNDQ SURWRW\SH \DQJ ELVD GLNHPEDQJNDQ
PHQMDGLDODW DQJNXWDQ\DQJELVDPHPEDQWXSHNHUMDDQ
PDQXVLD


*DPEDU5RERWSHQJLNXWPDQXVLD
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3DSHULQLPHPEHULNDQSHUDQFDQJDQURERWSHQJLNXW
PDQXVLD GHQJDQ DSOLNDVL VHQVRU MDUDN \DQJ WHUSDVDQJ
SDGD EDJLDQ GHSDQ GDQ EHODNDQJ URERW \DQJ EHUIXQJVL
XQWXN PHQGHWHNVL NHEHUDGDDQ PDQXVLD GDQ EHUJHUDN
VHVXDL MDUDN GHQJDQ PDQXVLD WHUVHEXW 5RERW DNDQ
PHQJLNXWL PDQXVLD GHQJDQ NHFHSDWDQ \DQJ WHWDS SDGD
VDDW MDUDN !  FP GDQ   FP -LND MDUDN   FP
URERWDNDQEHUKHQWLGDQMLNDMDUDN!URERWDNDQ
PHODMXPHQJHMDUPDQXVLD

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
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